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  SYNTHESIS OF RHENIUM AND MANGANESE PYRIDAZINES 
Jesse Wavy Evans   May 2013                                                     36 Pages 
Directed by: Chad Snyder,  Rajalingam Dakshinamurthy, and Rui Zhang 
Department of Chemistry                Western Kentucky University 
 Pyridazines are a heterocyclic aromatic compound containing a characteristic N-N 
bond that are utilized in many fields, including medicine and electronics. It is this latter 
field that Dr. Snyder's research group is focused upon. Organometallic compounds are a 
better conducting material than the current inorganic compounds used in electronics due 
to better conductance of electricity, lower production cost, and the ability to be formed 
into thin films.    
 With this in mind, Dr. Snyder's research group has set out to synthesize 
organometallic compounds for this purpose. Following procedures set forth by Snyder 
etc, and altered to form an off-metal route, we have successfully synthesized a library of 
fulvenes, Thalium Cp salts, 5,6 fused pyridazines, and pyridazial complexes. Thalium Cp 
salts were converted to Rhenium and Magnenese complexes through transmetalation. We 
have had success with the off-metal route at both higher yields and greater purity than the 
previous published on-metal route. These compounds have been fully characterized by  
1H NMR, 13C NMR, IR, and Elemental Analysis.                                                                                    
 In addition, progress has been initiated to form Bromo Thiophene complexes 
following procedures set forth in Snyder, etc and modified for the off-metal route. 
However only fulvenes, pyridazine, and Thalium Cp salts have been synthesized and 
characterized by 1H NMR and 13C NMR. 
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INTRODUCTION 
Pyridazine Background: 
  A pyridazine is a heterocyclic organic compound with the molecular 
formula C4H4N2 commonly referred to as a 1,2-diazine (Figure 1). Pyridazines are a 
colorless liquid at room temperature with a high boiling point of 208 °C, a melting point 
of -8°C, and a density of 1.109g/cm.1,2 
  The first pyridazine was prepared by Fischer in 18863, with the first unsubstituted 
pyridazine synthesized nine years later by Tauber4. The molecule itself was thought to 
exist in two Kekule forms (Figure 2)1. One form had a single bond between the nitrogen 
atoms, the other a double bond. X-ray crystallography showed this bond was indeed a 
single bond.1,2 
 The pyridazine molecule is a derivative of benzene with two adjacent CH bonds 
substituted for two N groups. This substitution causes the resulting pyridazine molecule 
to be pi-deficient, due to the presence of the nitrogen atoms attracting pi electrons from the 
ring. The carbons, as a result, then possess partial positive charges. Analogous to the nitro 
groups attached to a benzene molecule, this allows for several substituents to be attached 
to the pyridazine1,5. With these conditions, the synthesis of supramolecular complexes is 
possible for use in developments in biology as treatments in medicine, in agriculture as 
pesticides and fungicides, in pharmarcology for the development of complex drugs for 
health problems, in the chemical industry as building blocks of complex molecules, and 
in electronics as semiconductors.   
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                     Figure 1: Structure of Pyridazine  
 
 
 
 
 
 
 
                               
                              
          Figure 2: Kekule Structure for Pyridazine  
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Pyridazines Applications in Medicine:  
 In medicine, pyridazines are commonly used in drugs for treatments of several 
health issues. In cases of depression, a psychotropic drug known as Minaprine (Figure 3) 
is employed. The drug functions by acting as an inhibitor of the monoamine oxidase 
located in the brain.6 For patients suffering from hypertension, Hydralazine (Figure 4) is 
used, functioning as a smooth muscle relaxant.7  
 In recent years, derivatives of pyridazines have been studied regarding their 
interference in enzymes’ regulatory pathways, allowing them to be used in synthesis of 
new drugs. One of these avenues is in anticancer agents. Families of the derivative 
imidazo[1,2-b] pyridazines (Figure 5)  have been found to inhibit PIM kinase proteins. 
These proteins have been found to be prominent in leukemia patients and pose a new way 
of treating this deadly cancer.8 
 Another area pyridazines have been found useful in is affecting receptors. 
Regarding those responsible for causing  arthritic inflammatory pain, Gleave and his 
colleagues identified 3-amino-6-aryl pyridazines to inhibit the CB(1) receptor. 9 Other 
receptors being targeted are found to be in neurodegenerative diseases such as 
Alzheimer's and Parkinson's.1  
 In blood pressure-related issues, pyridazine derivatives can be coupled to salt to 
serve as the active component in cardiotonic compositions to increase cardiac 
contractility. In broader applications, they have been found to be treatments of ailments 
ranging from dry-eye disorders to an antibacterial agent, such as cefozopran (Figure 
6).1,10   
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       Figure 3: Structure of Minaprine 
 
 
 
 
 
 
 
               
   Figure 4: Structure of Hydrazaline 
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   Figure 5: Structure of imidazo[1,2-b] pyridazine 
 
 
 
 
 
 
                                  
 
   Figure 6: Structure of Cefozopran 
 
 
 
6 
 
Pyridazine applications in Electronics: 
 Another field where pyridazines are heavily utilized is in the synthesis of 
electronic materials. Over the last century, this endeavor has been prioritized. Plastics, or 
polymers, have been known since the last century. However, these materials can not be 
used for electronics. There are not conductors, are very difficult to form into shapes, and 
have little or no malleability. Metals, on the other hand,  have been known to be excellent 
conductors, have great malleability, and are easily formed into shapes.12 
 Scientists have tried for a long time to combine the characteristics of both of these 
materials.12 In the year 1977, a group succeeded.  Shirakawa and coworkers documented 
this achievement, forming the first semiconductor13.  
 A semiconducting material will consist of two components; the insulator will be 
provided by the organic component and the conductor component will be the metal. 
These materials can be bifuricated into two types: oligomers, comprising of a short chain 
compound, and polymers, consisting of a long chain compound.12,14 
 The semiconductor material should have a conductivity measured between 0.1 
eV-4.0 eV. ( eV = electron volt). However, for those organometallic semi-conductors 
using a low-band, the cut-off voltage to 1.5 eV for reasons to be explained later.15 
 The mechanism of semiconductors transferring a charge is similar to inorganic 
semiconductors. Both types follow the band-gap theory, which states that "atomic orbitals 
overlap with the same orbitals of their neighboring atoms in all directions and produce 
orbitals similar to those in small molecules."16 This allows electrons to flow from one 
compound to another by jumping into atoms’ atomic orbitals. It is for this reason that a 
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narrow band is needed to allow for orbitals to overlap in conductor. If a large band-gap 
occurs, the electrons will not flow as in an insulator (Figure 7).12  
 Organic heterocyclic polymers, such as polypyridazines (Figure 8) and poly 
pyrolle(Figure 8) can also be used in organic field effect transistors (OFET). In these 
transistors, active layers are composed of semiconducting small organic molecules or 
polymers7 as Koezuka and coworkers discovered in 1987. 17 These are similar to thin film 
transistor (TFT), which consists of a conducting metal placed on glass( the substrate) 
with a dieletric layer. In the case of the organic thin-film transistor (OTFT), the 
conducting material is the organic semiconductor.12 
 Organic semiconductors are divided into two classes: organic charge transfer 
complexes and "linear backbone" polymers. Charge transfer complexes are similar to 
inorganic semiconductors. "Linear backbone" polymers, on the other hand, are derived 
from poly-pyridazines and polypyrolle.12     
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Figure 7: A Molecular Orbital Illustration of an insulator, semiconductor, and a conductor 
as energy increases.  
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   Figure 8: Structure of a Polypyridazine 
 
 
 
 
                    
 
   Figure 9: Structure of a Polypyrolle 
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Pyridazine Conductance: 
 Ordinarily, electrons are transferred in organic semiconductors by unpaired 
electrons in the pi-electron bands. The unique characteristic of pyridazines is that they are 
a pi-conjugated system where the electrons move through the pi-electron cloud overlap. 
For this reason, the simple band-gap theory can not explain the conductivity. Instead, the 
conduction is explained by charge carriers, otherwise known as holes.18,19   
 Charge carriers are formed by oxidation or reduction of  p-type or n-type polymer 
chains, respectively. For p-type polymers, a vacancy is left that does not delocalize 
completely. This forms a radical cation that partially delocalizes over several units 
resulting in the chain's deformity resulting in it having a higher energy than the original 
polymer. The deformed polymer has destabilized bonding orbitals that are higher in 
energy than the valence band. The difference between the destablilized bonding orbital 
and the valence band in the arbitrary value of 1.5 eV originates.12,20,21 
 A polymer produces a soliton or polaron depending upon the polymer’s ground-
state configuration.10-12 If the compound has a degenerate ground state, the resulting 
radical cation will generate a soliton. Both the positive charge and the unpaired electron 
can move independently along the polymer chain, allowing for conduction. A  polaron 
forms with the oxidation of a polymer with a nondegenerate ground state. The resulting 
form is higher in energy than the ground state, confining the charge and spin density to 
the localized structural deformation along the chain.18  
 Two situations may then occur on oxidation of the nondegenerate polymer. One 
situation involves a second electron binge removed from a different segment of the 
polymer chain. This will result in another polaron. The second situation involves the 
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formation of a bipoloran from the loss of the unpaired electron. Conduction by bipolarons 
and polarons are generally considered to be dominant mechanism of conductive polymers 
(Figure 1.5).16 
 Over the last fifteen years, advancement in electrical engineering has made 
several new devices based on organic semiconductors such as organic light emitting 
diodes (OLEDs), organic thin-film transistors(OTFTs), organic photovoltaic diodes 
(OPVDs),  and lasers. However, only a few materials can be used for semiconductors. 
The other materials have a crystal structure with a weak force and electrons with low 
mobility.12 
 With these new organic semi-conductors, the gaps can be reduced and narrowed.  
Conjugated organic polymers can be fused with aromatic ligands to improve carrier 
mobility and conductive properties. By using transition metal organometallic complexes, 
these can be utilized as a catalyst to carry out organic transformations.16  
 Our recent efforts have been focused on the synthesis of a variety of 5,6-fused 
ring pyridazines. Following procedures set forth by Snyder etc, we have successfully 
synthesized a library of fulvenes, thalium Cp salts, 5,6 fused pyridazines, and pyridazial 
complexes. Thalium salts were converted to Rhenium and Magnenese complexes through 
transmetalation(Scheme 1). These fused heterocycles will serve as synthetic models and 
building blocks for potential organic or organometallic conducting polymers.12 
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Figure 10:  Representation of: A.) Soliton of polyacetylene B.) Polaron C.) bipolaron of 
polythiophene  
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   Scheme 1: Synthetic Route 
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EXPERIMENTAL 
 All reactions were carried out using standard Schlenk techniques under a nitrogen  
atmosphere unless otherwise noted. NMR solvents DMSO-d6(Aldrich) were  
used without further purification. nBuLi, dicyclopentadiene, tetrahydrofuran, hydrazine  
hydrate, and 2-furoyl bromide(Aldrich) , thiophene-carbonyl chloride(Aldrich), and 2-
furoyl chloride (Aldrich), were used without further purification.  Fulvene  
1,2-C5H3(COC6H4Br) (COC6H4Br) was prepared according to the literature methods. 
Ethyl ether was dried over sodium benzophenone ketyl. 
 
1H and 13C NMR spectra were recorded on a JEOL-500 MHz NMR spectrometer 
at ca. 22°C and were referenced to residual solvent peaks.  All 13C NMR spectra were 
listed as decoupled. Infrared spectra were recorded on Spectrum One FT-IR 
Spectrometer. Electron ionization (EI) mass spectra were recorded at 70 eV on a Varian  
Saturn GC/MS. Melting points were taken on a standard Mel-Temp apparatus  Elemental 
analysis was performed at Western Kentucky University’s Advanced Materials Institute. 
 Synthesis of 1,2-C5H3(COC6H4Br)(COC6H4Br)(1)    
 Freshly cracked cyclopentadiene (3.14 mL, 2.51 g, and 38.1 mmol) was added  
dropwise to a cooled solution (0°C) of n-butyllithium (16.2 mL of 2.50 M, 23.4 g, 40.5  
mmol) in ethyl ether (120 mL). A white precipitate of cyclopentadienyllithium was  
formed immediately. The suspension was stirred for 15 minutes and 2-furoyl 
bromochloride (2.48 mL, 3.29 g, and 25.2 mmol) was added dropwise. A bright orange 
color formed immediately. The solution was stirred for 45 minutes at room temperature. 
The reaction mixture was hydrolyzed with dilute (5%) acetic acid (100 mL). The organic 
layer was separated, and the aqueous layer was extracted twice more with ethyl ether (2 x 
10 mL) to give 1,2-C5H3(COC6H4Br) (COC6H4Br)(1).  
15 
 
Synthesis of 1, 2-C5H3((CC6H4BrNH)(CC6H4BrN)(2) 
 1,2-C5H3(COC6H4Br) (COC6H4Br) (1) (250 mg, 0.577 mmol) was dissolved in 50 
mL of methanol in a 200 mL round-bottom flask. An excess of hydrazine hydrate (1.00 
mL, 1.03 g, 20.6 mmol) was added to the solution. The solution was stirred for 24 hours.  
To the reaction, water (20 mL) was added and an orange precipitate formed immediately. 
The aqueous suspension was washed with ethyl ether (3 x 10 mL) and the organic layers 
were collected, dried (MgSO4), and filtered. The volatiles were removed in vacuo and the 
crude product was triturated with cold hexane to give 1, 2-C5H3(CC6H4BrNH) 
(CC6H4BrN)(2). 
Synthesis of [Tl{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN)}](3)   
 Thallium (I) ethoxide was added to a solution of 1,2 C5H3(CC6H4OBr-
NH)(CC6H4OBrN)(2) (250mg, 0.469 mmol) in THF (25 mL).  An orange precipitate 
formed after 5 minutes.  The solution was stirred for 3 hours at 22°C.  The precipitate 
was filtered and washed with cold hexane (3 x 10 mL) providing[Tl{1,2-
C5H3(CC6H4OBrNH) (CC6H4OBrN)}](3), (60.4%, 177mg, 0.282 mmol) as a yellow 
solid.   
Synthesis of [Mn{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN)(CO)3](4a)   
  To a solution of [Tl{1,2-C5H3(CC6H4OBrNH)(CC6H4OBrN }] (3), (482 mg, 
0.765 mmol) in dry benzene (30 mL) was added [MnBr(CO)5] (231 mg, 0.841 mmol).  
The solution was allowed to reflux for 5 hours.  The solution was filtered through a Celite 
plug using benzene.  The solvent was removed under reduced pressure to leave a red 
semi-solid.  The semi-sold was triturated with pentane (2 x 5 mL) to provide [Mn{1, 2-
C5H3(CC6H4OBrNH)(CC6H4OBrN) (CO)3](4a) as a red powder (75.7%, 323 mg, 0.574 
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mmol). Mp: 135-137 °C.  1H NMR(500 MHz, CDCl3, ppm):  δ 7.03(d, 1H, CHCHCH), 
7.25 (t, 1H, CHCHCH), 7.84 (d, 1H, 3J=6.3 Hz, CHCHCBr), 7.99 (1H, 3J=6.3 Hz, 
CHCHCBr). 13C NMR (125 MHz, CDCl3, ppm):  δ 107.7 (CHCHCH), 120.4 
(CHCHCH), 128.3, 130.8, 132.0, 132.5 (Ar), 154.7 (CN), 202.5 (MnCO). IR (KBr,cm-
1): 1522 (C=N), 1934, 2027 (MnCO). MS(EI-pos): m/z 566 (M+). Anal. Calcd for 
C22H11N2Br2O3Mn: C, 46.7; H, 1.96; N, 4.95. Found: , 45.2; H, 1.77; 4.2 
Synthesis of [Re{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN) (CO)3](4b)   
  To a solution of [Tl{1,2-C5H3(CC6H4OBrCH3NH)(CC6H4OBrCH3N}] (3)(314 
mg, 0.772 mmol) in dry benzene (40 mL) was added [ReBr(CO)5] (473 mg, 1.16 mmol).  
The solution was allowed to reflux for 5 hours.  The solution was filtered through a Celite 
plug using benzene.  The solvent was removed under reduced pressure to leave a red 
semi-solid.  The semi-sold was triturated with pentane (2 x 5 mL) to provide [Re{1, 2-
C5H3(CC6H4OBrNH)(CC6H4OBrN) (CO)3](4b) as a red powder ( 79%, 273 mg, 0.394 
mmol). Mp: 157-162 °C. 1H NMR(500 MHz, CDCl3, ppm): δ 6.85 (d, 1H,  3J=3.4 Hz, 
CHCHCH), 7.32 (t, 1H, 3J=3.4 Hz, CHCHCH), 7.85 (d, 1H, 3J=8.0 Hz, CHCHCBr), 7.94 
(1H, 3J=8.0 Hz, CHCHCBr). 13C NMR ( 125 MHz, DMSO-d6, ppm): δ 107.7 
(CHCHCH), 120.5 (CHCHCH), 130.7 (CCHCH), 132.0, 132.5 (Ph), 154.0 (CN). 
IR(KBr, cm-1): 1589 (CN), 3095 (CH), 2003, 2065 (ReCO). MS(El-pos): m/z 698 ( 
M+). Anal. Calcd. For C22H11N2Br2O3Re: C, 37.9, H, 1.59; N, 4.02. Found c, 38.3; H, 
1.74; N, 3.96 
Synthesis of 1,2-C5H3(COC4H3S)(COC4H3S)(5)  
 Freshly cracked cyclopentadiene (3.14 mL, 2.51 g, and 38.1 mmol) was added  
dropwise to a cooled solution (0°C) of n-butyllithium (16.2 mL of 2.50 M, 23.4 g, 40.5  
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mmol) in ethyl ether (120 mL). A white precipitate of cyclopentadienyllithium was  
formed immediately. The suspension was stirred for 15 minutes and 2-thiophene carbonyl 
chloride (2.48 mL, 3.29 g, and 25.2 mmol) was added dropwise. A bright orange color 
formed immediately. The solution was stirred for 45 minutes at room temperature. The 
reaction mixture was hydrolyzed with dilute (5%) acetic acid (100 mL). The organic 
layer was separated, and the aqueous layer was extracted twice more with ethyl ether (2 x 
10 mL) to give 1,2-C5H3(COC4H3S) (COC4H3S)(5).  
Synthesis of 1, 2-C5H3((CC4H3SrCH3NH)(CC4H3SCH3N)(6) 
 1,2-C5H3(COC4H3S) (COC4H3S)(5). (250 mg, 0.577 mmol) was dissolved in 50 
mL of methanol in a 200 mL round-bottom flask. An excess of hydrazine hydrate (1.00 
mL, 1.03 g, 20.6 mmol) was added to the solution. The solution was stirred 24 hours.  To 
the reaction, water (20 mL) was added and an orange precipitate formed immediately. 
The aqueous suspension was washed with ethyl ether (3 x 10 mL) and the organic layers 
were collected, dried (MgSO4), and filtered. The volatiles were removed in vacuo and the 
crude product was triturated with cold hexane to give 1, 2-
C5H3((CC4H3SrCH3NH)(CC4H3SCH3N)(6). 
Synthesis of [Tl{1, 2-C5H3((CC4H3SrCH3NH)(CC4H3SCH3N)}](7)  
 Thallium (I) ethoxide was added to a solution 1, 2-C5H3((CC4H3SrCH3NH) 
(CC4H3SCH3N)(6). (250mg, 0.469 mmol) in THF (25 mL).  An brown precipitate formed 
after 5 minutes.  The solution was stirred for 3 hours at 22°C.  The precipitate was 
filtered and washed with cold hexane (3 x 10 mL) providing [Tl{1, 2-
C5H3((CC4H3SrCH3NH)(CC4H3SCH3N)}] (7)(60.4%, 177mg, 0.282 mmol)(7) as a gold 
solid.   
18 
 
RESULTS AND DISCUSSION 
  
Impetus of Research Project 
 The goal of this research project was to synthesize and characterize Magnanese 
and Rhenium pyridazoal complexes. This was achieved by first following procedures put 
forth in Snyder etc. to achieve the Bromo Thalium Cp salt. Following this, 
transmetalation was done to achieve the Maganese and Rhemum pyridazoal complexes. 
These complexes were characterized by 1H and 13C NMR, IR, MS, and Elemental 
Analysis. 
 
Synthesis and Spectroscopy of 1,2-C5H3(COC6H4Br)(COC6H4Br)(1)    
 1,2-C5H3(COC6H4Br) (COC6H4Br)  was synthesized by adding freshly cracked 
cyclopentadiene dropwise to a cooled solution of n-butyllithium in ethyl ether in a 500 
mL round bottom flask. This resulted in the precipation of cyclopentadienyllithium salt as 
a milky white compound. The solution was allowed to stir for 15 minutes, followed by 
two equivalents of 2-furoyl bromide dropwise to produce an immediate bright orange 
color that was allowed to stir for 45 minutes. The solution was given an acetic work-up 
with dilute acetic acid followed by an organic extraction. The volatiles were removed 
under reduced pressure to give an orange semi-solid. To attain a powder, the semi-solid 
was placed on a Schlenk line to produce a red powder in 65 percent yield, exceeding the 
reported yield. 
 The 1H NMR spectrum for 1 revealed the expected Cp triplet (CHCHCH) at 6.58 
ppm, having a J value of 4.0 Hz. corresponding to the Cp ring. However, the other Cp 
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(CHCHCH)  signal (which should be a doublet having the same J value as the triplet) is 
instead observed as a broad singlet at 7.32 ppm. This is not uncommon as broad singlets 
for the Cp hydrogens have been observed in previousyl reported compounds.23  The 
signals found between 7.76 and 7.78 ppm correspond to the phenyl hydrogens with a J 
value of 9.8 Hz which is expected for aromatic protons. This corresponds to the fulvene 
previously published by Snyder and coworkers23.   
Synthesis and Spectroscopy of 1, 2-C5H3((CC6H4BrNH)(CC6H4BrN)(2) 
 1, 2-C5H3((CC6H4BrNH)(CC6H4BrN) (2) was synthesized by dissolving 1,2-
C5H3(COC6H4Br)(COC6H4Br) (1) in tetrahydrofuran(THF) followed by addition of 
hydrazine hydrate to undergo a ring closing reaction yielding our desired pyridazine.  
After stirring approximately 24 hours, 2 was extracted with dichloromethane, dried using 
magnesium sulfate, filtered, and the organic solvent was removed in vacuo.  The product 
was triturated with cold hexane to attain a 64 percent yield (comparable to those 
previously reported)23. 
 The 1H NMR spectrum for 2 revealed the Cp ring protons as a doublet 
(CHCHCH, J = 4 Hz) and a triplet (CHCHCH, J = 4 Hz) at 5.80 ppm and 6.94 ppm, 
respectively.  The 13C NMR spectrum revealed the loss of the carbonyl signal replaced by 
the C=N signal at 132.5 ppm.  The Cp carbon (CHCHCH) was observed at 107.7 ppm, 
followed by a signal at 120.4 ppm (CHCHCH) confirming the synthesis of 2.  NMR 
spectroscopy for 2 supported previously reported values 23. 
Synthesis of Spectroscopy of [Tl{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN)}](3)   
 Thallium (I) ethoxide was added to a solution of 25 mL of THF and 
1,2C5H3(CC6H4OBrNH)(CC6H4OBrN) in a 100 mL round bottom flask .  The solution 
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was allowed to stir for 3 hours at room temperature. Following this, the precipitate was 
filtered and washed with cold hexane to provide the product as a yellow solid as 65 
percent yield, comparable to previous literature23.    
 The 1H NMR spectrum revealed the Cp ring as a triplet (CHCHCH, J = 3.4 Hz)  
at 6.82 ppm and a doublet (CHCHCH, J= 3.4Hz) at 6.35 ppm. The phenyl group 
presented a doublet (CHCHBr, J = 8Hz ) at 7.64 ppm and a second doublet (CHCHBr, J= 
8Hz) at 8.02 ppm. The 13C NMR spectrum presented the characteristic C=N at 131.32 
ppm and the Cp carbon at 130.86 ppm. These results confirm the synthesis of (3) 
following those procedures followed by Snyder etc23.  
Synthesis and Spectroscpopy of [Re{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN) 
(CO)3](4a)  
  To a solution of 40 mL of benzene with [Tl{1,2-C5H3(CC6H4OBrNH)-
(CC6H4OBrN }](3), [ReBr(CO)5]  was added.  The solution was allowed to reflux for 5 
hours.  Following this, the solution was filtered through a Celite plug using benzene.  The 
solvent was placed under reduced pressure to attain a red semi-solid.  This semi-solid was 
triturated with pentane. 4a was attained as a red powder in a 79 percent yield. 
The 1H NMR spectrum revealed the Cp ring as a doublet (CHCHCH, J = 3.4) at 6.85 
ppm and a triplet (CHCHCH, J= 3.4) at 7.32 ppm.  The phenyl protons show up as 
doublets at 7.85 ppm (CHCHBR) and 7.94 ppm (CHCHBr) with J values at 8.0 Hz. The 
13C NMR revealed a signal at 107.7 ppm from the Cp ring CHCHCH, the second signal 
at 120.5 ppm CHCHCH, the third signal at 130.7 ppm CCHCH. The carbons forming the 
phenyl group showed up as a signal at 179.0 ppm.  
 In addition, this compound was characterized by additional instruments as well. 
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  Figure 11: 
1
H NMR of 1, 2-C5H3((CC6H4BrNH)(CC6H4BrN)(2)  
 
 
 
                                                         
  
  Figure 12: 13C NMR of 1, 2-C5H3((CC6H4BrNH)(CC6H4BrN)(2)  
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 Figure 13: 1H NMR [Tl{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN)}](3) 
 
 
 
 
                         
 
 Figure 14: 13C NMR [Tl{1, 2-C5H3(CC6H4OBrCH3NH)(CC6H4OBrCH3N)}](3) 
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 IR spectroscopy showed CN stretching at 1589 cm-1, CH stretching at 3095 cm-1,  
and stretching from the ReCO at 2003 cm-1and 2065 cm-1.  EI-MS revealed a peak of 698 
m/z as M+. Elemental analysis showed theoretical values of carbon, hydrogen, and 
nitrogen at 37.9%, 1.59%, and 4.02%, repsectively. Compound 4a showed approximate 
values of the following: carbon at 38.3%, hydrogen at 1.74%, and nitrogen at 3.96%. 
Synthesis  and Spectroscopy of [Mn{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN) 
(CO)3](4b)   
  In a solution of 30 mL of dry benzene and [Tl{1,2-C5H3(CC6H4OBrNH)-
(CC6H4OBrN }](3), [MnBr(CO)5]  was added.  The solution was allowed to reflux for 5 
hours. Using a Celite plug, the solution was filtered with benzene.  The solvent was 
removed under reduced pressure to leave a red semi-solid.  The semi-sold was triturated 
with pentane to provide 4b  in a 75 percent yield. 
The 1H NMR showed Cp rings as a triplet at (CHCHCH) at 7.03 ppm and a 
doublet (CHCHCH) at 7.25 ppm. The phenyl protons were presented as doublets at 7.84 
ppm (CHCHBr, J= 6.3 Hz) and 7.99 ppm ( CHCHBr, J= 6.3). The 13C NMR revealed the 
carbons of the Cp at 109.3 ppm (CHCHCH) and 120.3 ppm (CHCHCH). The aromatic 
carbons showed up at 129.3, 129.3, 133.4, and 136.5 ppm.  The C=N showed at 154.7 
ppm, and the MnCo showed at 202.5 ppm. The IR spectroscopy showed stretching at 
1522 cm-1 for the C=N and stretching for the MnCO at 1934 cm-1 and 2027 cm-1. The EI-
MS a weight of M+ = 566 m/z.  The theoretical values for the compound 
C22H11N2Br2O3Mn  were calculated as: 46.7% for carbon, 1.96% for hydrogen, and 
4.95% for nitrogen. The Elemental Analysis showed values compatible with these: 45.2% 
for carbon, 1.77%  for hydrogen, and 4.2% for nitrogen. 
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    Figure 15: 1H NMR of [Re{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN) (CO)3](4a) 
 
 
 
 
                                                 
  Figure 16: 13C NMR of [Re{1, 2-C5H3(CC6H4OBCH3NH)(CC6H4OBrCH3N)(CO)3](4a) 
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Synthesis and Synthesis of 1,2-C5H3(COC4H3S) (COC4H3SBr)(5)  
 1,2-C5H3(COC4H2SBr) (COC4H2SBr)(5)  was synthesized by adding freshly 
cracked cyclopentadiene dropwise to a cooled solution of n-butyllithium in ethyl ether in 
a 500 mL round bottom flask. This resulted in the precipation of cyclopentadienyllithium 
salt as a milky white compound. The solution was allowed to stir for 15 minutes, 
followed by two equivalents of 1-bromo, 2-thiophene carbonyl chloride was added 
dropwise to produce an immediate bright orange color that was allowed to stir for 45 
minutes. The solution was given an acetic work-up with dilute acetic acid followed by an 
organic extraction. The volatiles were removed under reduced pressure to give an orange 
semi-solid. To attain a powder, the semi-solid was placed on a Schlenk line to produce a 
red powder in 75 percent yield, exceeding the reported yield. 
 The 1H NMR spectrum for 1 revealed the expected Cp triplet (CHCHCH) at 6.58 
ppm, having a J value of 4.0 Hz. which corresponds to the Cp ring. However, the other 
Cp (CHCHCH) signal (which should be a doublet having the same J value as the triplet) 
is instead observed as a broad singlet at 7.32 ppm. This is not uncommon as broad 
singlets for the Cp hydrogens have been observed in previousyl reported compounds.23  
The signals found between 7.76 and 7.78 ppm correspond to the phenyl hydrogens with a 
J value of 9.8 which is expected for aromatic protons. This corresponds to the fulvene 
previously published by Snyder and coworkers23.  
Synthesis and Spectroscopy of 1, 2-C5H3((CC4H2BrNH)-(CC4H2SBrN)(6) 
 1, 2-C5H3((CC4H2BrNH)(CC4H2SBrN)(6) was synthesized by dissolving 1,2-1,2-
C5H3(COC4H2SBr) (COC4H2SBr)(5)  in tetrahydrofuran(THF) followed by addition of 
hydrazine hydrate to undergo a ring closing reaction yielding our desired pyridazine.  
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After stirring approximately 24 hours, 2 was extracted with dichloromethane, dried using 
magnesium sulfate, filtered, and the organic solvent was removed in vacuo.  The product 
was triturated with cold hexane to attain a 64 percent yield (comparable to those 
previously reported)23. 
 The 1H NMR spectrum for 2 revealed the Cp ring protons as a doublet 
(CHCHCH, J = 4 Hz) and a triplet (CHCHCH, J = 4 Hz) at 6.56 ppm and 7.32 ppm, 
respectively.  The 13C NMR spectrum revealed the loss of the carbonyl signal replaced by 
the C=N signal at 132.5 ppm.  The Cp carbon (CHCHCH) was observed at 107.7 ppm, 
followed by a signal at 120.4 (CHCHCH) confirming the synthesis of 2.   
Synthesis of Spectroscopy of [Tl{1, 2-C5H3(CC4H2SBrNH) (CC4H2BSBrN)}(7)   
 Thallium (I) ethoxide was added to a solution of 1,2-C5H3(COC4H2SBr) 
(COC4H2SBr)(5), 25 mL of THF and in a 100 mL round bottom flask .  The solution was 
allowed to stir for 3 hours at room temperature. Following this, the precipitate was 
filtered and washed with cold hexane to provide the product as a yellow solid as 65 
percent yield, comparable to previous literature23.    
The 1H NMR spectrum revealed the Cp ring as a triplet (CHCHCH, J = 3.4 Hz)  
at 6.82 ppm and a doublet (CHCHCH, J= 3.4Hz) at 6.35 ppm. The phenyl group 
presented a doublet(CHCHBr, J = 8Hz ) at 7.64 ppm and a second doublet(CHCHBr, J= 
8Hz)at 8.02 ppm. The 13C NMR spectrum presented the characteristic C=N at 131.32 
ppm and the Cp carbon at 130.86 ppm. These results confirm the synthesis of (3) 
following those procedures followed by Snyder, etc23. 
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Figure 17: 1H NMR of [Mn{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN) (CO)3](4b)    
          
 
 
                                
Figure 18: 13C NMR of [Mn{1, 2-C5H3(CC6H4OBrNH)(CC6H4OBrN) (CO)3](4b)      
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  Figure 19: 1H NMRof 1,2-C5H3(COC4H3S) (COC4H3SBr)(5) 
              
 
 
                      
                      
Figure 20: 13C NMRof 1,2-C5H3(COC4H3S) (COC4H3SBr)(5) 
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  Figure 21: 1H NMR of 1, 2-C5H3((CC4H2BrNH)(CC4H2SBrN)(6) 
 
 
 
 
                                     
   
Figure 22: 13C NMR of 1, 2-C5H3((CC4H2BrNH)(CC4H2SBrN)(6) 
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  Figure 23: 1H NMR of  [Tl{1, 2-C5H3(CC4H2SBrNH)(CC4H2BSBrN)}](7)     
 
  
                                 
                                      
 
 Figure 24: 13C NMR of  [Tl{1, 2-C5H3(CC4H2SBrNH)(CC4H2BSBrN)}](7)      
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CONCLUSION 
 Precursor compounds 1, 2, and 3 were synthesized by following methods 
published by Snyder, etc23. These compounds were confirmed by characterization by 1H 
NMR and 13C NMR and used to synthesize 4a and 4b. These compounds were 
characterized by 1H NMR, 13C NMR, IR, GC/MS, and Elemental Analysis.  
 4a has a percent yield of 79%. The 1H NMR spectrum of 4a revealed the Cp ring 
as a doublet (CHCHCH, J = 3.4) at 6.85 ppm and a triplet (CHCHCH, J= 3.4) at 7.32 
ppm with the phenyl protons as doublets at 7.85 ppm (CHCHBR, J = 8.0) and 7.94 ppm 
(CHCHBr, J= 8.0). The 13C NMR revealed the Cp ring as chemical shifts at 107.7 ppm 
CHCHCH, 120.5 ppm CHCHCH, and 130.7 ppm CHCHCH and  the phenyl carbons at 
132.0 ppm and 132.5 ppm.  The carbon in the C=N showed a signal at 179.0 ppm. The IR 
spectrum showed CN stretching at 1589 cm-1, CH stretching at 3095 cm-1,  and ReCO 
stretching at 2003 cm-1and 2065 cm-1.  El-MS revealed 4a has a weight of M+ = 698 m/z. 
Elemental analysis showed theoretical values of carbon, hydrogen, and nitrogen at 
37.9%, 1.59%, and 4.02%, respectively, with approximate values at 38.3% for carbon, 
1.74% for hydrogen, and 3.96% for nitrogen. 
 The percent yield for 4b was 75 percent. The 1H NMR for 4b showed the Cp ring 
as a triplet at (CHCHCH) at 7.03 ppm and a doublet (CHCHCH) at 7.25 ppm. The phenyl 
protons showed up as doublets at 7.84 ppm (CHCHBr, J= 6.3 Hz) and 7.99 ppm 
(CHCHBr, J= 6.3 Hz). The 13C NMR presented the carbons of the Cp salt at 109.3 ppm 
(CHCHCH) and 120.3 ppm (CHCHCH) with the aromatic carbons at 129.3 ppm, 129.3 
ppm, 133.4 ppm, and 136.5 ppm.  In addition, the C=N showed at 154.7 ppm and the 
MnCo showed at 202.5 ppm. The IR spectrum showed C=N stretching at 1522 cm-1 and 
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stretching for the MnCO at 1934 cm-1 and 2027 cm-1. The El-MS confirmed 4b’s weight 
as M+ =566 m/z. The theoretical values for 4b were 46.7% for carbon, 1.96% for 
hydrogen, and 4.95% for nitrogen with Elemental Analysis showing corresponding 
values of 45.2% for carbon, 1.77% for hydrogen, and 4.2% for nitrogen. Precursors 5, 6, 
and 7 were synthesized and characterized.  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
33 
 
FUTURE WORK 
 From these Manganese and Rhenium complexes that have been synthesized and 
characterized, crystal structures will be attempted to be grown for analysis by x-ray 
crystallography. The data collected from this will be used to confirm the structure. In 
addition, the Thalium Cp salt of the bromo thiophene pyridazine will be transmetalated to 
form Magnanese and Rhenium complexes. These complexes will then be characterized 
by IR, 1H NMR, 13C NMR, Elemental Analysis, and X-ray Crystallography.  
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